There are marked sex differences in a number of behavioral and physiological measures of the auditory system. E}idence is accumulating that some of these sex differences exist at birth and are attributable to the magnitude of prenatal exposure to androgenic hormones, such as testosterone. A generalization emerging from this evidence is that greater prenatal androgen exposures lead to greater masculinization of these auditory responses. At this point, little is known about the modes of action of androgens on developing cochlear structures, but because the degree of masculinization of otoacoustic emissions (OAES) appears to parallel the degree of masculinization of other brain structures and behaviors, OAES appear to have the potential to be a valuable, non-invasive window onto the processes of prenatal development and sexual differentiation.
AUDITORY SEX DIFFERENCES
The process of embryological development is complex, fascinating, and far from completely understood.
In mammals, one of the most important end products of prenatal development is the formation of individuals of both sexes, for without such, further procreation would be impossible.
The process of sexual differentiation is wellstudied and many of the fundamental principals known. One fundamental principle for mammals is that female is the default condition.
In order to produce a male, androgenic hormones must be present, at the right concentrations, during specific periods in prenatal development.
Their relative presence or absence determines the physical characteristics of the fetus, no matter what its genetic make-up. A second important principle of sexual differentiation is that both the bodies and the brains of the two sexes become different during normal sexual differentiation.
There is now an extensive list of known structural differences in the brains of human males and females (l). Existing in parallel with these structural differences are well-documented sex differences in a large number of cognitive and perceptual skills (2) . The implication is that structural differences are associated with behavioral differences, and the converse.
Given that the auditory system is a component of the brain--and thus subject to the same hormonal influences as the rest of the brain--it should be no surprise to find sex differences in various auditory structures and abilities, and in fact several structural and behavioral sex differences have been documented for the auditory system so far (3). For example, females generally have better hearing sensitivity and reduced susceptibility to noise exposure than males, and males are better able to localize sounds in space and to extract simple signals horn complex masker backgrounds than are females.
Some especially interesting sex differences exist in the otoacoustic emissions (OAES) exhibited by the two sexes, Females have more, and stronger, spontaneous OAES (SOAES) and stronger click-evoked OAES (CEOAES) than do males. (4, 5) . The fact that these differences exist in infants and children as well as in adults strongly suggests that the cochlear mechanisms giving rise to OAES develop differently prenatally in the two sexes.
Because androgenic hormones play such a crucial role in sexuaI differentiation in general, it is reasonable to presume that they are also important to the production of the sex differences in OAES. Evidence in support of that presumption includes the demonstration that females having male co-twins (the females from opposite-sex dizygotic twin pairs) have OAES that are different from those of other females--in the male direction.
That is, OSDZ females have fewer SOAES (6) and weaker CEOAES (5) than other females.
A plausible explanation for this fact is that OSDZ females are exposed to higher-than-normal (for females) levels of androgens prenatally because they share their intrauterine environment with a male co-twin. [Intrauterine masculinization effects of this sort are well-documented in females of other mammalian species (7) .] Taken together, the data suggest that elements of the mechanism known as the cochlear amplifier--which is widely accepted as underlying the existence of OAEs--are affected by androgens during prenatal development, and beyond. Direct physiological tests of this implication are needed.
If, in fact, the expression of OAES is modulated by the degree of androgen exposure received prenatally, then OAES may have the potential to serve as a window onto the processes of human prenatal development and sexual differentiation.
In support of this implication, recent work has shown that the OAES of homosexual and bisexual women are different from those of heterosexual women--in the male direction (8) . The fact that homosexual women have the same preference in sexual partners as heterosexual males suggests that whatever brain structures are responsible for sexual preference have been masculinized in these women. The fact that their OAES are also masculinized suggests that the cochlear amplifiers were affected by the same hormonal influences as altered the brain sites responsible for sexual preference, thereby supporting the idea that OAES are a potentially valuable tool for studying the prenatal hormonal processes that control human development and sexual differentiation.
Other special populations of subjects should prove informative about the relationship between OAES, hormones, and prenatal development.
For example, females born with congenital adrenal hyperplasia are exposed to higher-than-normal levels of androgens prenatally, and they are known to be masculinized in various behaviors (9) . A clear prediction is that these females should have masculinized OAES as well. Important to an eventual full understanding of development in the auditory system is knowledge about the contribution of puberty to auditory sex differences, both behavioral and structural. Also worth study is how androgen levels affect the cochlea afier development is complete. We found that an adult male developed SOAES afier beginning estrogen therapy prior to sex-reversal surgery (10) . The discovery of an appropriate animal model could greatly facilitate future research in this general topic area.
